Introduction
============

*Brucea javanica* is an evergreen shrub distributed widely in Southeast Asia and northern Australia [@B1]. The seed of *Brucea javanica*, as a traditional Chinese herbal medicine, has been broadly used for treatment of various cancers [@B1], [@B2]. Over the past several decades, its anticancer properties have been examined in a large number of studies [@B3], [@B4]. Several active substances have been identified and studies of the molecular mechanisms of its anticancer effect are ongoing [@B2], [@B5]. However, thus far, no single compound extracted from this herb has been used in clinical treatment of cancer, and its anticancer mechanisms are little known. Therefore, its application has been confined to alternative treatments [@B2].

One of the important \'hallmarks\' of cancer is angiogenesis, which is the process of formation of new blood vessels that are necessary for tumor expansion, invasion and metastasis.[@B6], [@B7]. Angiogenesis is a major function of vascular endothelial cells [@B8]. In cancers, angiogenesis is largely mediated by alterations of receptor tyrosine kinase pathways [@B9]-[@B11]. In a previous study, we found that platelet derived growth factor receptor-beta (PDGFR-beta), plays an important role in mediating the angiogenesis of HUVECs [@B12]. It has also been reported that PDGF signaling is involved in angiogenesis of malignant stroma to support the proliferation of breast cancer cell [@B13]. However, studies about the effects of EEBJS on the angiogenesis of HUVECs have not been reported, nor have potential mechanisms been elucidated. Therefore, in the present study, we analyzed the effects of EEBJS on the angiogenesis of HUVECs and examined a possible role of PDGFR-beta, in order to identify a molecular signal through which EEBJS might inhibit tumor growth.

Materials and Methods
=====================

Materials
---------

Human Umbilical Vein Endothelial Cells (HUVECs) and endothelial cell medium (ECM,) were purchased from the ScienCell Research Laboratories (San Diego, USA). Porcine aortic endothelial cells with stably transfected human PDGFR-beta were from Professor Rainer Heuchel, Karolinska Institute, Sweden. IMDM was purchased from Gibco BRL (Rockville, USA). Fetal bovine serum was purchased from HyClone Inc. (Logan, USA). Endothelial cell growth supplement (ECGS) was purchased from ScienCell Research Laboratories (San Diego, USA). The *In Vitro* Angiogenesis Assay Kit was purchased from Millipore (Billerica, USA). Calcein-AM was purchased from Santa Cruz Biotechnology, Inc. (Dallas, USA). *Brucea javanica* seed was purchased from Changchun pharmacy (Changchun, China). Ethanol extract of *Brucea javanica* seed were prepared in the Key Laboratory of Pathobiology, Ministry of Education (Changchun, China).

Cell culture and treatments
---------------------------

The HUVECs were grown in ECM medium containing 5 % FBS and 1 % endothelial cell growth supplement (ECGS). PDGFR-beta/PAE cells were grown in IMDM containing 10 % FBS. Both cell types were incubated at 37°C in 5 % CO~2~ and a humidified atmosphere. HUVECs were used for all experiments at passages 2 to 6. For EEBJS treatment, the cells were plated in 6 cm diameter dishes at a density of 0.5 × 10^5^ cells per dish. After incubating them for 24 hours, the medium was exchanged with fresh medium containing various concentrations of EEBJS or vehicle, as indicated in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, and incubated for another 24 hours.

*In vitro* angiogenesis assay
-----------------------------

The angiogenesis of the cells was evaluated by a Matrigel *in vitro* angiogenesis assay technique. The assay was performed with a detailed procedure as described previously [@B14]. Briefly, 100 μl stock solution of Matrigel was added to each well in 48-well plates and kept at 37°C for 30 min in order to form the Matrigel. Cell suspensions containing 3×10^4^ cells in 100 μl of ECM were seeded on the Matrigel of each well, and incubated for 6 hours. Then Calcein-AM (0.1 mM) was directly added to each well for 20 min at 37°C to stain the cells which were imaged under a phase contrast microscope with an excitation wavelength of 490 nm and an emission wavelength of 515 nm. For quantification, the values for the pattern recognition**,** branch point and total capillary tube length were determined following the manufacturer\'s guidelines (ECM625; Millipore). Image J software was used in the first instance prior to double-checking by an independent assessor. 5 random microscopic (×100) fields per well were included and the data are expressed as mean ± SD of 5 samples.

Statistical analysis
--------------------

All calculations and statistical analyses were performed by using GraphPad Prism 5.0 software (San Diego, USA). T test was used to analyze the significance of any differences between two groups. The statistical significance was defined as *p\<0.05*.

Results
=======

EEBJS inhibited angiogenesis of HUVECs in a dose-dependent manner
-----------------------------------------------------------------

To evaluate the effects of EEBJS on the angiogenesis of HUVECs, an *in vitro* angiogenesis assay was performed for the cells exposed to varying concentration of EEBJS. Fig. [1](#F1){ref-type="fig"}A shows representative microscopic appearances. Cells not exposed to EEBJS displayed morphologic features of angiogenesis, specifically, cells aligned themselves; there was formation of capillary tubes with or without sprouting; there was formation of closed polygons and/or complex mesh-like structures. Upon exposure to EEJBF, incomplete network formation and fewer branch points or tubular structures were found. In the cells exposed to higher concentration of EEBJS (10ìg/ml and 100ìg/ml in Fig. [1](#F1){ref-type="fig"}A) the morphologic appearances for angiogenesis almost completely disappeared. Fig. [1](#F1){ref-type="fig"}B, 1C and 1D show the dose dependent effects on parameters of pattern recognition, branch points and total tube lengths, each reflecting a different aspect of angiogenesis. 1D shows the IC50 values for these parameters. Clearly, EEBJS inhibited angiogenesis of HUVECs in dose dependent manner.

EEBJS inhibited the angiogenesis mediated by PDGFR-beta
-------------------------------------------------------

Our previous study showed that platelet derived growth factor receptor-beta (PDGFR-beta), plays an important role in mediating angiogenesis of HUVECs [@B12]. To determine whether EEBJS inhibits angiogenesis, mediated by PDGFR-beta, we utilized porcine aortic endothelial cells with stably transfected human PDGF beta-receptors (PDGFR**-**beta/PAE cells) which have been previously employed to examine PDGF-BB triggered cytoplasmic calcium responses [@B15] and proved that only PDGFR**-**beta is responsible for the angiogenesis of the cells [@B12]. As shown in Fig. [2](#F2){ref-type="fig"}A, the cells unexposed to EEBJS presented uniform networks with dense branch points and intensive tube structures (0ìg/ml in Fig. [2](#F2){ref-type="fig"}A). Compared with the unexposed cells, less typical morphologic appearances for angiogenesis were observed in the cells exposed to EEJBF. In the cells exposed to higher concentration of EEBJS (100ìg/ml in Fig. [2](#F2){ref-type="fig"}A) the morphologic appearances for angiogenesis completely disappeared. Figure [2](#F2){ref-type="fig"}B, 2C and 2D are statistically analyzed results which show the dose dependent effects on parameters of pattern recognition, branch points and total tube lengths upon EEBJS treatment, each reflecting a different aspect of angiogenesis. 2D shows the IC50 values for these parameters. It showed clearly that EEBJS inhibited the angiogenesis of the cells in a dose dependent manner**.** These data support the conclusion that EEBJS inhibits the angiogenesis function of the vascular endothelial cells, mediated by PDGFR**-**beta. We postulate this effect might play an important role in the therapeutic effect of EEBJS on malignant tumors.

Discussion
==========

In the present study, we found that EEBJS suppressed the angiogenesis of HUVECs in a dose-dependent manner, suggesting that inhibition of the angiogenesis of the vascular endothelial cells might contribute to a therapeutic effect of EEBJS on malignant tumors. This conclusion was supported by the studies that malignant stroma increases luminal breast cancer cell proliferation and angiogenesis [@B13].

Platelet-derived growth factor (PDGF) is believed to be an important mitogen for connective tissue, having roles during embryonic development [@B16]. It has been reported that the PDGF signaling pathways contributes to the development of a vascular system which involves the assembly of endothelial cells and vascular smooth muscle cells/pericytes (vSMC/PC) into many different types of blood vessels [@B17]. Hellstrom et al. found that PDGFBB, secreted by endothelial cells, recruits PDGFR-beta positive vSMC/PC cells and stimulates their proliferation at sites of endothelial PDGF-B expression, in the mouse [@B17]. In the present study, by using porcine aortic endothelial cells with stably transfected human PDGFR-beta, we found that EEBJS suppressed the angiogenesis mediated by PDGFR**-**beta of vascular endothelial cells. This conclusion was also supported by our earlier study in which PDGFR-beta has been proved play a crucial role in regulating angiogenesis of human vascular endothelial cells by application of PDGFR-beta-selective inhibitor, CP-673451 [@B12].

Taken together, our results provide evidence to support that EEBJS inhibited the angiogenesis of vascular endothelial cells mediated by PDGFR**-**beta, and postulate that it might contribute to the therapeutic effects of EEBJS on malignant tumors because PDGF overexpression has been linked to different types of malignancies and particularly, it has been reported that PDGF produced by malignant stromal cells pays an important role in the enhancesment of cancer cell proliferation and angiogenesis [@B13]. Present study provides additive knowledge on how EEBJS affect PDGF and its receptor which might be used in developing antiangiogenic strategies for the treatment of malignant disease.

Conclusions
===========

EEBJS suppressed the angiogenesis of HUVECs in a dose-dependent manner. PDGFR-beta plays a crucial role in mediating this angiogenesis. Taken together, we conclude that EEBJS inhibited the angiogenesis function of the vascular endothelial cells, mediated by PDGFR**-**beta, and postulate that PDGFR**-**beta may contribute to the therapeutic effects of EEBJS on malignant tumors.
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ECGS

:   endothelial cell growth supplement

ECM

:   endothelial cell medium

EEBJS

:   ethanol extract from *Brucea javanica*seed

HUVECs

:   human umbilical vein endothelial cells

IC50

:   half maximal inhibitory concentration

PAE

:   porcine aortic endothelial cells

PDGF-B

:   platelet Derived Growth Factor chain B

PDGFR-beta

:   platelet Derived Growth Factor Receptor-beta

vSMC/PC

:   vascular smooth muscle cells/pericytes.

![**EEBJS suppressed the angiogenesis of HUVECs in dose-dependent manner.** HUVECs were exposed to various concentrations of EEBJS, as indicated. The angiogenesis assay, cell staining and the values quantification for the pattern recognition**,** branch point and total capillary tube length are described in the Methods section. Representative microscopic fields are shown (A). Dose-dependent decreases of angiogenesis were plotted by using a nonlinear regression model (B, C and D) and the data are expressed relative to that of the control cells without exposure to EEBJS. The data are expressed as the mean±SD. N=5, and \*\*P\<0.01 versus the control cells without exposure to EEBJS. IC50 values (E) were determined based on the fitted curves.](ijmsv15p1517g001){#F1}

![**Dose-dependent suppression of the angiogenesis of PDGFR-beta/PAE cells after exposure to EEBJS.** PDGFR-beta/PAE cells were exposed to various concentrations of EEBJS, as indicated. The angiogenesis assay and the values quantification for the pattern recognition**,** branch point and total capillary tube length were performed as described in method section. Representative microscopic fields are shown in A. Dose-dependent decreases of angiogenesis were plotted by using a nonlinear regression model (B, C and D). The data are expressed relative to that of the control cells without exposure to EEBJS. N=5, and \*\*P\<0.01 versus the control cells without exposure to EEBJS. IC50 values (E) were determined based on the fitted curves.](ijmsv15p1517g002){#F2}
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